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The SCN4A gene, that encodes the pore-forming a-subunit of the skeletal mus-
cle voltage-gated sodium channel, has long been associated with dominantly-
inherited myotonia, and periodic paralysis mutations. One single severe case
of congenital myasthenic syndrome (CMS) due to a dominantly-inherited
SCN4Amutation has been reported. CMS is a clinically and genetically hetero-
geneous group of rare disorders characterized by muscle weakness and fatiga-
bility. They are due to impairment of neuromuscular transmission and result
from mutations in genes encoding for proteins critical for the neuromuscular
junction. We have identified a novel homozygous SCN4A mutation
(p.R1454W) in a patient with a rare form of recessively-inherited CMS. The
p.R1454W missense mutation is located on the segment S4 of domain IV of
the Nav1.4 channel. Expression of p.R1454Wmutant Nav1.4 in the human em-
bryonic kidney 293 cells induced dramatic changes in the biophysical proper-
ties of the mutated channel. These include fast and slow inactivation,kinetics of
fast inactivation, and recovery from inactivation. A slower current decay com-
bined with a shift in channel availability at resting potentials can ultimately
lead to membrane inexcitability and muscle weakness. Our data confirm that
this CMS phenotype belongs to the group of sodium channel disorders and
question the clinical overlapping between periodic paralyses and CMS. We
suggest that while Nav1.4 mutations exerting a dominant-negative effect cause
periodic paralysis, a CMS phenotype may result from recessively-inherited mu-
tations that decrease the Nav1.4 availability for muscle action potential genesis
at the neuromuscular junction and its propagation along the sarcolemma.
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Background: In cardiomyocytes, hNav1.5 co-assembles with b-subunits, which
are known tomodify Nav1.5 gating, cell surface expression, and post-translational
modifications. Mutations in b-subunits are linked to many types of arrhythmias,
including Brugada Syndrome, the Long QT Syndrome, and atrial fibrillation.
Our aim is to assess the molecular mechanism of b1-subunit regulation of NaV1.5.
Methods: The NaV1.5 a-subunit contains four domains (DI-DIV), each with six
membrane-spanning segments (S1-S6). S1-S4 form voltage sensing domains
(VSDs) that transduce voltage into channel gating. Previously, we created
four DNA constructs, each with a cysteine engineered into the extracellular
S4 of a single channel domain. RNA from these constructs was injected into
Xenopus oocytes with or without b1. Heterologously expressed channels
were labeled at the introduced cysteine with TAMRA-MTS fluorophores. Ionic
current and fluorescence emission that reflected changes in VSD conformation
were simultaneously recorded using the cut-open oocyte configuration.
Results: In comparison with a-subunit alone, co-expression with b1 causes a
depolarizing shift in the steady-state inactivation curve, without affecting the
channel activation. Observing the b1-subunit consequences for each domain,
we noted a significant depolarizing shift in the DIV fluorescence-voltage
(F-V) relationship that was induced by b1 (V1/2¼-52.4152.04, k¼13.035
3.07 S.E.M.), compared with a subunit alone (V1/2¼-89.489753.29,
k¼22.3454.61, p¼0.007 for V1/2). b1 also caused much faster kinetics of
DIV voltage sensor activation compared to a alone (t¼0.8350.16 S.E w/ b1
vs t¼2.2350.09 S.E.M. w/o b1, p¼0.03). None of the other three domains
showed any significant b1 effects. Our results show that b1 alters INa gating
by regulating DIV voltage sensor kinetics, consistent with previous studies
indicating b1 interaction with the S5/S6 segment of DIV. Our next aim will
be to examine interaction with the b1b, b2, b3 and b4 subunits.2480-Plat
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We recently identified midchannel proteolysis as a novel homeostatic mecha-
nism of negative feedback regulation of neuronal voltage-gated calcium chan-
nels (VGCCs): the main body of the pore-forming alpha1 subunit of L-type
VGCCs, Cav1.2, is cleaved, resulting in Cav1.2 fragment-channels that separate
but remain on the plasma membrane, and can be detected by confocal micro-
scopy in fixed neurons [Michailidis et al, Neuron, 82 (2014), 1045-57]. The pro-
teolysis is bidirectionally regulated by channel activity, depends on calpain and
the ubiquitin-proteasome system, and increases with age. To investigate the ki-
netics of midchannel proteolysis and the fate of the resulting fragment-channels,
we performed live-cell confocal microscopy. In live cultured rat hippocampal
neurons, we visualized surface Cav1.2 labeled with extracellular fluorescent
probes placed in different internal repeat domains of the alpha1 subunit. The re-
sults reveal robust movements of surface Cav1.2 and its domains, suggesting
midchannel proteolysis and continuous dynamic regulation of surface channels.
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The voltage-gated calcium (CaV) channel a2d-1 subunit is implicated in a vari-
ety of cardiovascular and neurological diseases and is the molecular target of
gabapentin, a drug used for the treatment of epilepsy and neuropathic pain.
The precise mechanisms by which a2d-1 dysfunction causes disease and how
its targeting by gabapentin is therapeutic are unclear, in part due to incomplete
understanding of how a2d-1 binds to and regulates CaV channels. Here, we
investigated mechanisms underlying a2d-1 regulation of neuronal CaV2.2
(a1Bþb2a) channels reconstituted in HEK293 cells. Using whole-cell electro-
physiology, a2d-1 caused a dramatic four to five-fold increase in whole-cell cur-
rent amplitude compared to channels reconstituted with a1Bþb2a alone. The
increase in current was wholly accounted for by an increase in channel surface
density as reported by a quantum dot labeling technique. An optical pulse-chase
assay showed that the increased surface density was achieved solely through
reducing the rate of CaV2.2 endocytosis rather than by enhancing the rate of for-
ward trafficking. To map the site of interaction between a2d-1 and a1B, we in-
serted a small epitope tag into judiciously selected extracellular regions of the
a1B subunit. We determined accessibility of the tag to quantum dot and modu-
lation of whole-cell currents in the presence or absence of a2d-1. From the
pattern of this dual readout, we inferred an a2d-1 binding site in the a1B domain
III extracellular S5-S6 loop. Alanine scanning mutagenesis revealed discrete
residues in this loop that was necessary for a2d-1 regulation of a1B. These re-
sults provide novel insights into mechanisms underlying a2d-1 regulation of
CaV channels, focus the putative modes of gabapentin action, and offer a new
target site for potential development of future therapeutic molecules.
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The voltage-gated calcium (CaV) and sodium (NaV) channels represent two ma-
jor ion-channel superfamilies with distinct biophysical properties that support
diverse biological functions. One similarity between these channels is a homol-
ogous region within their carboxy tails, the Ca2þ-inactivating (CI) region. This
segment, composed of two vestigial EF hands and an IQ domain, may be a
conserved module enabling vital Ca2þ-dependent feedback regulation through
interaction with calmodulin (Cell 157:1657). A single Ca2þ-free calmodulin
(apocalmodulin) preassociates with the CI region, and Ca2þ binding to this
calmodulin triggers regulation in both channel families. Though this general
regulatory scheme appears similar between these channel families, the struc-
tural likeness of the CI region has remained unclear. Here, we correspond
the first atomic structure of apocalmodulin alone bound to the NaV1.5 CI
domain (Gabelli et al (2014) Nature Communications in press) with function-
ally relevant apocalmodulin binding residues in CaV1.3. This comparison im-
plicates an extraordinary structural resemblance between Nav and Cav
channels. But does this resemblance support like functional sequelae? Apocal-
modulin binding itself enhances peak open probability of Cav channels by
severalfold (Adams et al (2014) Cell in press). We now find conservation of
this same effect in NaV1.4 channels. NaV1.4 channels bind apocalmodulin
